ABSTRACT P transposon induced modifier mutations of position-effect variegation (PEV) were isolated with the help of hybrid dysgenic crosses (7r2 strain) and after transposition of the mutator elements pUChsneory+ and P [IArB]. Enhancer mutations were found with a ten times higher frequency than suppressors. The 19 pUChsneory+-and 15 P[lArB]-induced enhancer mutations can be used for cloning of genomic sequences at the insertion sites of the mutator elements via plasmid rescue. Together with a large sample of X-ray-induced (48) and spontaneous (93) enhancer mutations a basic genetic analysis of this group of modifier genes was performed. On the basis of complementation and mapping data we estimate the number of enhancer genes at about 30 in the third chromosome and between 50 and 60 for the whole autosome complement. Therefore, enhancer of PEV loci are found in the Drosophila genome as frequently as suppressor genes. Many of the enhancer mutations display paternal effects consistent with the hypothesis that some of these mutations can induce genomic imprinting. First studies on the developmentally regulated gene expression of PEV enhancer genes were performed by &plactosidase staining in P [IArB] al. 1986; SINCLAIR, LLOYD and GRIG-LIATTI 1989). In these studies the total number of PEV modifier genes in the Drosophila genome was estimated to be about 100-1 20 (HENIKOFF 1979; WUSTMANN et al. 1989) . By studying their dosagedependent effects four classes of genes have been distinguished: in one class of genes a deficiency causes suppression (haplo-suppressors) and in another group of loci a deficiency displays an enhancer effect (haploenhancers). For some genes of both classes a duplication was found to result in an opposite triplo-effect (haplo-suppressors with a triplo-enhancer effect and haplo-enhancers with a triplo-suppressor effect 
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N recent years it has become apparent that, at a primary level, gene activity is regulated by regional changes in chromatin structure. In order to identify genes involved in the regulation of changes in chromatin structure several groups have employed the phenomenon of position-effect variegation (PEV) al. 1986 ; SINCLAIR, LLOYD and GRIG-LIATTI 1989). In these studies the total number of PEV modifier genes in the Drosophila genome was estimated to be about 100-1 20 (HENIKOFF 1979; WUSTMANN et al. 1989) . By studying their dosagedependent effects four classes of genes have been distinguished: in one class of genes a deficiency causes suppression (haplo-suppressors) and in another group of loci a deficiency displays an enhancer effect (haploenhancers). For some genes of both classes a duplication was found to result in an opposite triplo-effect (haplo-suppressors with a triplo-enhancer effect and haplo-enhancers with a triplo-suppressor effect). The majority of the modifier loci of both classes do not display triplo-effects (REUTER and SZIDONYA 1983; SZIDONYA and REUTER 1988; LOCKE, KOTARSKI and TARTOF 1988; WUSTMANN et al. 1989 ). These dosagedependent effects of PEV modifier genes might reflect opposing chromatin condensation and decondensation processes.
The studies of the PEV modifier genes undertaken to date were concentrated almost exclusively on suppressors. Three of these loci have been cloned ( . They encode a heterochromatinspecific protein, a zinc finger nuclear protein, and a type I phosphatase, respectively. Sequencing of these genes appears to confirm the hypothesis that such genes encode regulatory or structural components of chromatin. In addition, the mutations of another suppressor locus, Su-var(2)1, which were found to reduce H4 deacetylation and chromatin packaging ( , are butyrate sensitive and display a lethal interaction to extra Y heterochromatin (REUTER, DORN and HOFFMANN 1982) . The mutations of two other suppressor loci show identical pleiotropic genetic effects .
Suppressor mutations of PEV strongly inhibit heterochromatinization of euchromatic regions in variegating rearrangements as shown by cytological analysis of salivary gland giant chromosomes (REUTER, WERNER and HOFFMANN 1982) suggesting that these loci are involved in chromatin condensation (EISSEN-BERG 1989; GRIGLIATTI 199 1). Alternatively, the reciprocal class of genes which mutate to enhancers of PEV (haplo-enhancer loci) might encode chromatin components involved in decondensation processes and therefore might also be involved in the control of gene activation. Although the enhancers of PEV constitute a functionally interesting group of loci they have not been the subject of any detailed genetic and molecular studies.
In order to address this lack of knowledge we undertook a series of large scale experiments to isolate enhancers of PEV after X-ray mutagenesis to recover both rearrangements and single site mutations as well as P element and modified P element transposon induced mutations which would be helpful in further molecular studies. The modified P elements used were pUChsneory+ or P[lArB] to facilitate cloning of enhancer loci. In addition the P[IArB] element, which contains the lac 2 marker, allowed the first insight into the developmental and tissue specific expression of enhancer genes.
From the results of these studies it became apparent that the enhancers of PEV represent a complex group of genes comparable in number to the suppressor loci.
MATERIALS AND METHODS
Isolation of mutants and study of revertants: Descriptions of the chromosomes and mutations used in this study can be found in LINDSLEY and ZIMM (1992) . The translocations T(2;3)apxa + In(2L)Cy, apXaCy E-var(3)l'' and T(2;3)apxa, ap.xaSu-var(2)10' were used to screen for new1 induced dommant suppressors and enhancers of In(1)w" ' PEV. The dominant enhancer effect of E-var(3)1°' as well as the dominant suppressor effect of Su-var(2)1°' are very sensitive to the effect of other modifier mutations (Reuter and WOLFF 198 DORN and HOFFMANN 1982; REUTER, HOFFMANN and WOLFF 1983) . Therefore, E-var(3)1°' was used to test for new suppressors, and Su-var(2)1°' was used to select newly induced enhancers. Enhancer E-var(3)1°' is dominant to the suppressor effect of an additional Y chromosome, it effectively excludes the recovery of false positives from the suppressor mutation screen which arise from nondisjunction of the Y chromosome.
Mutagenized or hybrid-dys enic w' "' ' /Y males were crossed to wm4'; Sco/T(2;3)a$ + In(2L)Cy,apxn Cy Evar(3)lo'/TM2 females and the offspring w'"'~; +/T(2;3)apX0 Cy E-var(3)1°'/+ flies were inspected for new suppressor mutations. Enhancer mutations were selected in the w' "' ' ; +/T(2;3)apxa Su-var(2)1°'/+ offspring of a cross of mutagenized w'"'" males or females with wm4'; Cy/T(2;3)apx" Suvar(2)1°'/Sb females or males. In addition, strong suppressors can be identified in siblings with the genotype wm4'; Cy/ +; Sb/+. P hybrid-dysgenic males were recovered from a cross (at 18 ") of w~~~ females to r 2 males, a strain containing many P elements (ENGELS 1989) and crossed to females, as set out above, to screen for enhancers or suppressors.
The w'"''/, Icarus-neo/+ males were recovered by crossing a strain carrying the lethal insertion at 27A balanced over Cy0 (STELLER and PIROTTA 1986) tow'"4h; +/+ females.
The F1 progeny was heat shocked (37" for 1 hr) during late embryonic and early first larval instar development.
Transpositions animal was collected from each vial. Each and tested for its effect on PEV by crossing with w""; Cy/T(2;3)apxa Su-var(2)1°'/Sb females. The wm4' /, +/ T(2;3)apx"Su-var(2)l0'/ryJo6 male offspring were inspected for enhancer mutations, while their wm4'/, Cy/+; Sb/ryJo6 siblings were examined for suppressor mutations. Using a backcross of wm4'/, +/T(2;3)apxaSu-var(2)loO'/ry506 exceptional males show an enhancer effect (mottled instead of suppressed red eye phenotype). The putative enhancer can be localized on the chromosomes with the help of aneuploid segregants of the upxa translocation (REUTER and WOLFF 198 1). Strains were constructed by crossing to CyO/Sco; ryJo6 and TM3,ryRK Sb e/ryJo6 females, which is also a possibility to control the segregation of the ry+ marker gene in pUChsneory+.
Transpositions of the P[IArB]-transposon which was inserted into a Cy0 balancer chromosome The effects of the modifier mutations on white variegation in wmrh flies was quantified by measuring the red eye pigments using previously employed methods (REUTER, HOFFMANN and WOLFF 1983) . Measurements of the effects of enhancer mutations were always performed in flies which also carried the Su-~ar(Z)1~' mutation.
Complementation analysis and mapping studies: Recessive lethal or recessive sterile mutations were tested for allelism by complementation analysis. The newly induced modifier mutations which were homozygous viable and fertile or which complement all known modifiers of PEV were mapped recombinationally or with duplications by testing phenotypic rescue of the mutation in duplication/modifier mutation trans-heterozygotes. In many cases two wild-type copies of a modifier gene quench the effect of the dominant mutant allele (WUSTMANN et al. 1989) resulting in a normal mottled phenotype if the duplication covers the wild-type function of the mutated locus. For the mutation M Suz4, which is both a strong dominant suppressor and a Minute, new tandem duplications were selected after irradiating method (Ashburner 1989) .
Molecular studies: The pUChsneory+ transposon was constructed by insertion of a 7.3-kb HindIII ry+ fragment from the Carnegie 20 vector (RUBIN and SPRADLINC 1983) into the HindIII site in the polylinker of the pUChsneo plasmid (STELLER and PIROTTA 1985) .
Nucleic acid purification and analysis: DNA from flies was isolated by the method described by JOWETT (1986) . For plasmid rescue the DNA was purified by CsCl gradient centrifugation as described by SAMBROOK, FRITSCH and MANIATIS (1 989). Southern blot hybridization and plasmid preparation was done according to SAMBROOK, FRITSCH and MANIATIS (1989) . Labeling of DNA was accomplished by random oligonucleotide priming with [a-"P]dATP (HODG-SON and FISK 1987) . Plasmid rescue of the genomic DNA from the insertional mutants was performed according to the method described by STELLER and PIROTTA (1985) . Transformation was done on competent DH5a-cells prepared according to HANAHAN (1 983).
&Galactosidase staining: Staining of embryos, larvae and adults was performed according to the protocol of BELLEN et al. In situ hybridization: Cytological positions of the insertions and genomic rescue fragments were determined by in situ hybridization to the polytene chromosomes following a modified procedure of PARDUE and GALL (1 975).
w 1 4 h . , +/+ females with 4000 R using the anti-Minute
RESULTS

Isolation of mutations:
Previous studies have suggested that the modifier genes of PEV represent haplo dose sensitive functions and that the dominant mutations are amorphic or hypomorphic in nature (LOCKE, KOTARSKI and TARTOF 1988; WUSTMANN et al. 1989) .
Until now about 390 mutations were isolated, however, only one antimorphic and one neomorphic mutation was identified (REUTER et al. 1987 ; G. REUTER and J. SZABAD, manuscript submitted). Therefore, our results strongly support the hypothesis that the dominant mutant effect is the result of either a loss of function or a reduced activity of the gene product.
Using EMS (2.5 mM) or X-rays (4,000 R) as mutagens, suppressor and enhancer mutations were selected with a frequency between 1.3 x and 2.2 X and with lower frequencies if females were irradiated (Table 1 ). There were no significant differences in mutation frequencies between the two types of mutations in the X-ray experiments regardless of whether females or males had been irradiated. The high mutation rates are a result of the fact that there is a large group of genes which produce the same phenotype when mutated.
Since it appears that P-induced insertional mutations are often weak hypomorphs (WILLIAMS, PAPPU and BELLO 1988) , any mutant isolation schemes have to be very sensitive to allow the identification of new mutations. Using the mutations Su-vur(2)l0' and Evar(3)1°' (REUTER, WERNER and HOFFMANN 1982; REUTER, HOFFMANN and WOLFF 1983) which are sensitive to weak enhancer and weak suppressor mutations, respectively, we were able to increase the sensitivity of our screens.
In our experiments using ?r2 hybrid dysgenic males, enhancer mutations were recovered at a rate comparable with those of X-ray experiments (Table l) , however, suppressor mutations were recovered at a significantly lower rate. T h e recovery of a relatively high number of enhancer mutations suggested that modified P elements can also be used successfully as mutator elements.
In one experiment the Icarus-neo element (STELLER and PIROTTA 1,986) was mobilized. Since none of the isolated mutations proved to represent a transposition of the Icarus-neo element they have to be classified as spontaneous in origin.
Two additional modified P elements, pUChsneory+ inserted into 67C and P[IArB] inserted into the Cy0 chromosome (cf. MATERIALS AND METHODS) were mobilized using the P[ry+ A2-31 (99B) transposase producing element. Transpositions of the pUChsneory' element were recovered with a frequency of 1 O-'(data not shown). In our initial experiments enhancer mutations were recovered with a frequency of 2. ' The number of flies was estimated from the mean frequency of transpositions (about 5,O X lo-' for the pUChsneoy+ and 3.2 X lo-'
for the P[ 1 ArB] mutator elements.
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In these experiments only suppressors or enhancers were selected.
mutations were recovered. This represents frequencies of about one magnitude lower (7.5 x 10-5at a mean) than in our initial experiment in which the pUChsneory+ element at 67C was mobilized and enhancer mutations were selected in the F1 progeny (Table 1) . Therefore, P element screens for these types of mutations which rely only on selecting the mutant phenotype will recover a variety of different types of mutations, the majority of which will not be caused by insertion of a P element (identical results were also received in other laboratories (LOCKE, Ko- Table 1 ) are alleles of three different loci. Three mutations are alleles of Suvar(2)l (2-40.6; 31Al-C2). One suppressor mutation is allelic to Su-var(3)3(3-47.7; 76C) and the fifth mutation is allelic to Su-var(3)9(3-56.4; 88E). In situ hybridization to polytene chromosomes with a P element probe gave a strong signal at 3 1 AB for the Su-var(2)I alleles and at 88E for the Su-var(3)9 allele in the regions where the corresponding genes have been cytologically localized (WUSTMANN et al. 1989) .
Reversion of the putative P element insertional b The mutation was recombined by crossover on a nub It sca sp P free second chromosome and the other chromosomes are also originated from P free strains.
C The suppressor mutation Su-vur(2)1'' is spontaneous but not P induced.
d For the Su-var(3)9" P induced allele a T M 3 , f l Sb e P[q+ 152-31 chromosome (C. REUTER, C . HOFFMANN, R. DORN, J. GAUSZ and H. SAUMWEBER, manuscript submitted) has been used for revertant analysis in order to exclude somatic recombination.
suppressor mutations was monitored somatically in the eyes ( The following duplications were isolated: DP(2;2)M+Suz4+-Dp(2;2)M'Su2"-2 [24B-C; 29B-C], DP(2;2)M+Suz4+-3 [23B; 25B], Dp(2;2)M+SuZ4+-4 [23F; 25C-Dl and Dp(2;2)M+SuZ4+-5 [no rearrangements visible]. Duplication mapping places the suppressor and the Minute phenotypes between 24B-C and 25A. The Dp(2;2)M+Suz4+-5 chromosome, which does not show any visible cytological rearrangement, rescues both the Minute and suppressor phenotype of M SuZ4, suggesting that the two functions are closely linked or even map to the same locus.
Enhancer mutations: In the X-ray experiments 48 enhancer mutations were isolated. Five represent duplications covering the Su-var(2)l locus; these quench the suppressor effect of the Su-var(2)1°' mutation but do not show any effect on variegation in the absence of Su-var(2)lu'. Of the remaining 43 mutations, 20 are located on the second chromosome, 21 on the third chromosome and two mutations are associated with 2;3 translocations. All second chromosome mutations and 13 of the third chromosome mutations are recessive lethal. Several of these mutations represent deficiencies.
In the 7r2 experiment (Table 1) 58 mutations were isolated, 24 (with 4 clusters) located on the second and 34 (with 4 clusters) on the third chromosome. Of the second chromosome mutations, 7 are homozygous viable, 15 are recessive lethal and 2 are semilethal. In complementation studies the 15 recessive lethal mutations were found to represent 10 genes. Only one is represented by several (6) alleles. Most of these mutations have a relatively weak enhancer effect. However, two are tandem duplications [Dp(2;2)23d and Dp(2;2)33] covering the triplo-enhancer function in 29A ( WUSTMANN et al. 1989) and are strong enhancers. A third strong enhancer is lethal over Df12L)clh3 (SZIDONYA and REUTER 1988) and quenches the triplo-suppressor effect of region 26B. Therefore, this mutation is allelic to the haplo-enhancer and triplo-suppressor locus in region 26B (REUTER and SZIDONYA 1983). The mutation does not revert in the presence of the P[ry+ A2-31 (99B) element and the results of complementation studies suggest that it represents a small deletion in region 26B (data not shown).
Of the 34 mutations in the third chromosome 26 are recessive lethal or semilethal and recessive female sterile, and 8 are homozygous viable. Three of the homozygous viable mutations were mapped recombinationally to 56.4 (E-var(3)12), 61 .O (E-var(3)13) and 77.7 (E-var(3)14) indicating that several independent enhancer loci represent nonessential functions (Figure   1 [21E1-2; 23A1-2 + 23A1-2; 25Dl-21, 1). In complementation studies with the recessive lethal and semilethal female sterile third chromosomal mutations, alleles were identified for four genes: 6 alleles for E-var(3)3 at 84.3, two mutations are alleles of E-var(3)4 at 57.5, four alleles for E-var(3)S at 58.0, and three are alleles of E-var(3)8 at 15.8 (Figure 1 ). All the remaining recessive lethal mutations (1 1) represent independent loci. Five of the 11 mutations analyzed did not revert regardless whether the enhancer effect or recessive lethal phenotype was tested. Therefore, we conclude that several of the mutations isolated in the 7r2 screen represent chromosomal rearrangements displaying a haplo-or triplo-enhancer effect (deficiencies and duplications) or are spontaneous in origin (mobilization of other elements).
A large sample of enhancer mutations were isolated in the Icarus-neo experiment (14 for the second and 54 for the third chromosome). None of these mutations proved to represent an Icarus-neo transposition. The Icarus-neo transposon at 27A was subsequently found to be rearranged (V. PIRROTTA, personal communication). However, analysis of the mutations recovered has shown that 20 of the third chromosomal mutations were alleles of the E-var(3)4 locus (semilethal and recessive female sterile) and six of the mutations are alleles of the E-var(3)5 locus (recessive lethal). This suggests that these loci may be hot spots for mutations in the stocks used. However, the mutations do not revert in the presence of P[q+ A2-31 and no Icarus-neo homology could be detected in genomic Southern blots of the mutant lines. Since several of the alleles were isolated in clusters (identical mutations from sibs of single dysgenic males), these mutations may have resulted from insertions of other elements mobilized by the cross.
Similar results were obtained in the experiment with the pUChsneory+ element at 67C (Table 1) . Only two out of 27 mutations (E-var(2)1°' at 26A7-9 and E-var(3)3" at 93D) represent new insertions of an intact pUChsneory+ mutator element. The remaining mutations do not revert with P [ q + A2-31 and no homology to P elements or pUChsneoq+ could be found in the stocks. Three of these mutations were isolated as clusters and, again, could be due to the insertion of another mobile element.
Twenty-eight out of the 34 enhancer mutations isolated from transpositions of pUChsneory+ or P[lArB] were localized by in situ hybridization (Tables  3 and 4 The strength of the enhancer mutation was determined by quantifying the amount of red eye pigments. The mutations were studied in the presence of the Suvar(2)Io' mutation (Tables 3 and 4) . Eleven of the 34 pUChsneory+ and P[lArB] insertional mutations exhibit a strong enhancer effect. The remaining mutations represent medium or weak enhancers (Tables 3  and 4 ). Twenty-one of the 34 insertional mutations express significant paternal effects (Tables 3 and 4) , i e . , if the male parent carried an enhancer mutation his progeny display an enhancer phenotype regardless of whether or not they received the enhancer mutation from their father (Figure 2) .
Revertant analysis was performed in 4 pUChsneory+ (162,189,1817 and 129) induced enhancer mutations (Table 5 ). The revertant chromosomes were selected by reversion from ry+ to ry-in a rySo6 background and were tested by complementation analysis (loss of lethality and sterility) and for loss of the enhancer effect by a cross to Su-var(2)1°' flies. The data obtained suggest that the different phenotypic effects of the mutations are due to the insertion of the mutator element (Table 5 ). In several cases the revertant chromosomes still retained the enhancer and lethality or sterility phenotypes suggesting that excision of the mutator element was imprecise. Further characterization of these revertants has shown rearrangements of the mutator elements or deficiencies in the flanking genomic sequences (R. DORN, unpublished results). Some of these revertants probably represent amorphic mutations of the locus.
Finally as a result of complementation studies of all mutations of the third chromosome 8 enhancer loci were found to be represented by several alleles: 24
alleles for E-var(3)4 at 57.5, 9 alleles for E-var(3)S at 58.0, 3 alleles for E-var(3)6 at 57.0, 2 alleles for Evar(3)7 at 2.0, 3 alleles for E-var(3)8 at 15.8, 3 alleles for E-var(3)9 and 2 alleles for E-var(3) lO ' Enhancer effect and pigment ratio between the two sibling genotypes Su-var(2)1°' E mutation/Su-var(2)1°' E+ from crosses of w~~~/ w~~ Su-uar(2)1°'/Cy females with the w""//Y; E/Bal (Cy or 7 " ) males. nd, no pigment measurements performed. The suppressor Su-var(2)1°' was used in order to quantify the enhancer effect of the mutations (MATERIALS AND METHODS). Su-var(2)1°' is stronger in males if maternally originated and weak enhancers are covered by the suppressor (pigment ratio is around 1 .O).
C Paternal effects of the mutations were quantified by comparing the relative content of red eye pigment of the Su-var(2)lo' offspring from crosses of W~'~/ W " '~~;
Su-var(2)1°'/Cy females with males carrying the enhancer and wmfh males without the enhancer mutation. If the enhancer displays a paternal effect white variegation is enhanced in Su-var(2)I0' E' offspring males when the father carried the mutation compared to crosses where the father did not. (+) or (-), with or without paternal effect.
* Genomic fragments were obtained by plasmid rescue. For details, see Table 3 . loci of position-effect variegation could be defined (Figure 1 ). Revertant studies with homozygous viable insertional mutations indicate that, for several loci, arnorphic alleles also result in lethality (I. ARCHOU-KIEH, unpublished results). Altogether the total number of enhancer loci in the third chromosome is estimated to be about 30 and for the autosomal complement to about 60.
Plasmid rescue and cloning of genomic DNA fragments: pUChsneory+ and P[lArB] insertional mutations were used for cloning of genomic sequences via plasmid rescue in bacteria. The appropriate restriction enzyme for the plasmid rescue was selected according to the results of Southern analyses of DNA from the different insertional mutations. The chromosomal position of the cloned genomic DNA fragments was determined by in situ hybridization and compared with the position found for the mutator element after in situ hybridization with a plasmidspecific probe. For all the mutations studied both probes hybridized to the same chromosomal position (Figure 1 ). Genomic fragments isolated were thus used successfully for cloning of the corresponding enhancer locus (R. DORN, V. KRAUS, H. SAUMWEBER and G. REUTER, manuscript in preparation).
&Galactosidase expression in P[lArB] insertional enhancers of PEV mutations: The P[lArB] transposon has been used successfully in identifying regulatory enhancer elements of various genes WILSON et al. 1989) . Since this transposon places P-galactosidase expression under the control of the regulatory site, the developmentally regulated expression of PEV enhancer loci can be studied with the help of the P[lArB]-induced mutations. Twelve of the 15 enhancer of PEV mutations induced in the P[lArB] experiment showed a specific P-galactosidase expression pattern during development. According to the staining pattern, five classes can be distinguished (Table 6) . Two mutations (231 and 512) show maternal expression. If heterozygous E / + females are crossed to +/+ males all of the early embryos show Pgal activity whereas in the reciprocal cross only 50% give a staining reaction indicating both maternal and zygotic expression. In ovaries of enhancer 231 the nurse cells show 6-galactosidase expression in all stages, whereas in the egg cell staining is found only in later stages (Figure 3, a and b) . In these mutants Pgalactosidase expression is also found in brain, ventral ganglion, salivary glands, Malpighian tubules, imaginal discs, as well as in larval and adult ovaries and testis. Mutation 261 might also represent a maternal function as indicated by P-galactosidase expression in follicle cells (Figure 3c ). Seven mutations ( I , 31, 35, 45,21 I, 212 and 261) show ubiquitous zygotic expression, staining of larval salivary glands, brain, ventral ganglion, and ovaries and/or testis in larvae and adults. A third group of mutations (27, 71, 222, 231 and 631) is also characterized by ubiquitous zygotic expression but the mutations differ with respect to staining of the other tissues (Table 6 ). For some of the mutations interesting staining patterns were found in larval or adult gonads (Figure 3, d-f) .
DISCUSSION
Genetic studies clearly demonstrated the complex genetic basis of PEV (HENIKOFF 1979; REUTER and WOLFF 198 1 ; SINCLAIR, MOTTUS and GRIGLIATTI 1983; WUSTMANN et al. 1989; SINCLAIR et al. 1992) . Four different classes of genes were described all expressing a haplo-dependent phenotype but differing in their triplo-effects. Only some of the haplo-suppressors and haplo-enhancers display an opposite triplo-dependent effect. The haplo-dependent enhancer genes have been studied but not in detail (SINCLAIR, LLOYD and GRICLIATTI 1989) . According to the complementation studies performed with recessive lethal or sterile mutations we estimate the number of enhancer genes at about 30 in the third chromosome and between 50 and 60 for the whole autosome complement. For nine genes in the third chromosome more than two alleles have been identified. Therefore, enhancer of PEV loci are found in the Drosophila genome as frequently as suppressor genes.
Using P transposons as mutator elements, enhancer mutations of PEV were induced with a 10 times higher frequency than suppressor mutations. This might indicate target site specificity of the P element. A critical proof could consist of a sequence comparison at the insertion site of the different mutations isolated. BOWNES (1990) showed preferential insertion of P elements into genes being actively transcribed at the time of transposition and a higher transcriptional activity of enhancer genes in male germ-line cells, therefore, this could also explain the differences found in mutant frequencies. Different sensitivities in the mutant isolation tests used can be excluded on the basis of the results of EMS and X-ray mutagenesis. The enhancer mutation E-var(2)I which was used to test for newly induced suppressors is very sensitive to the effect of suppressor mutations and even weak dominant suppressors could be isolated in the screens.
Systematic molecular studies of enhancer loci of PEV became possible by the successful isolation of pUChsneory+ and P[lArB] insertional mutations. Genomic sequences from the insertion sites were isolated by plasmid rescue for further molecular cloning of the genes. The insertional mutations also represent a useful material for genetic analyses of the corresponding genes. By in situ hybridization with both transposon specific probes (pUC18) and genomic DNA fragments, isolated from the insertion site after plasmid rescue, precise chromosomal mapping of the locus can be performed. The r y + function associated with this transposon can be used as a marker for crossover studies and for phenotypic detection of revertants or the selection of deficiencies. Reversion studies for several of the mutations suggest that the enhancement of PEV as well as the recessive lethal or female sterile phenotype, result from the insertion of the mobile element.
Many of the enhancer mutations display significant paternal effects (Figure 2 ). Comparable paternal effects have already been detected with variant lines of wm4 and were shown to be caused by an imprinting of the Y chromosome (REUTER, WOLFF and FRIEDE 1985; REUTER and SPIERER 1992) . Twenty-three out of 34 mutations show significant paternal effects. The insertional mutations should facilitate a molecular analysis of these paternal effects.
Almost all of the P[lArB]-induced mutations showed a specific P-galactosidase-staining pattern during development. Because its selection was dependent on a dominant mutant effect (enhancement of PEV), the insertion does not only lead to a disruption of the normal gene function, but also indicates an enhancerlike cis-acting regulatory element of an E-var gene. The mutations may be hypomorphic, but they definitively show that the identified regulatory elements are connected with the gene function. While BELLEN et al. (1989) , WILSON et al. (1989) , BIER et al. (1989) show a good correlation between lac2 expression in transposants, transcript detection and mutant phenotype of a gene, BELLEN et al. (1 989) have also shown that the complete expression pattern of the affected gene cannot be detected by means of a single insertion. Most of our P[IArB]-induced mutations express &galactosidase in larval brain, imaginal discs, salivary glands, and in testes as well as in ovaries of both larvae and adults, suggesting that the genes are active in somatic and germ-line cells. Staining of salivary glands, Malpighian tubules and imaginal discs might indicate genes encoding chromosomal constituents found in both mitotic and polytene chromosomes.
Two of the mutations (231 and 512) identify maternal functions. Examination of @-galactosidase expression in ovaries demonstrates maternal gene activity in both cases. There is compelling evidence that many of the chromatin genes identified as suppressors or enhancers of PEV represent maternal functions. Maternal transcripts were identified for Su-var(2)5, Su-var(?)7 and modulo all of which encode chromosomal proteins (EISSENBERG et al. 1990; REUTER et al. 1990; KREJCI et al. 1989) . Pole cell transplantation experiments (H. TAUBERT, unpublished results) also suggest that several of the suppressor and enhancer mutations of PEV are expressed maternally. Some of these genes could represent maternally expressed chromatin functions whose products are also necessary for cleavage division. These genes could be abundantly transcribed. This is indeed the case for the enhancer genes identified by mutations 162 [Evar (2) The recessive lethal mutations should also be studied for a mitotic phenotype.
The mutants isolated have allowed a basic genetic and developmental analysis of E-var loci. Because the mutations enhance chromatin condensation in PEV the normal function of the genes should be causally connected with decondensation of chromatin, a main prerequisite of gene activity. Molecular cloning and a study of their gene products can be performed now for many enhancer loci of PEV.
